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INTRODUCTION
Air pollution can be emitted to the atmosphere or formed in the same atmosphere. Primary air pollutants are those which are emitted from sources such as chimneys or exhaust systems, or by suspension of contaminated particulate matters in the wind. Secondary air pollutions are those which arise in the same atmosphere and result from the chemical reaction of the original pollution, involving natural components of the atmosphere, particularly oxygen and water. The best known example is ozone, but a significant portion of atmospheric nitrogen dioxide (NO2) is also a secondary product of atmospheric chemistry.
Nitrogen oxides are one of the important elements of pollution that arise in the combustion process. Coal is the most dangerous fuel in this respect, because oil and gas contain much lower levels of nitrogen. Most importantly, 80% of the electricity produced in Poland comes from coal [1] . However, there is an additional process in which atmospheric nitrogen and oxygen are combined in high-temperature combustion. This happens in all high-temperature combustion processes, which explains why traffic pollution is one of the main sources of these gases, despite a lower nitrogen content. Most of the oxides of nitrogen produced in this way are transmitted as nitric oxide. Usually only 5% of the total, is transmitted as a basic nitrogen dioxide, while the greater part of the atmospheric NO2 is a secondary product of chemical processes in the atmosphere.
The main sources of NO2 in the air of European cities are emissions from road traffic, especially from vehicles with diesel engines [2] , and limit values are very often exceeded in European cities. The spatial distribution of emissions is very uneven -it reaches the highest level in large urban areas and main industrial districts.
Exposure to air pollution has increased the risk of developing cardiovascular diseases and malignant neoplasms by 30% between 1990 -2013 [3] . In Europe, PM2.5 is responsible for lowering the average life span by 8.6 months [4] . Researchers in the USA have proved that long-time exposure to PM2.5 not only increases cardiopulmonary problems, but also morbidity and mortality of lung cancer [5] .
In 2012, lung cancer was the most deadly cancer among men and women. It was also the third most common cancer, after cancer of the breast and large intestine [6] . According to the latest available data (2016), the epidemiologic situation of lung cancer in Poland is very similar to the global trend [7] . This is one of the most aggressive cancers with not very effective screening possibilities, with a 5-year average survival rate (irrespective of stage) of 10-15%. Worldwide, lung cancer is the main cause of death among cancer patients [6, 7] , which makes it an important subject of research, both in the treatment and reduction of morbidity and mortality. In the literature, there are increasingly more reports providing compelling evidence about the factors that contribute to the development of lung cancer. One of the main causes still remains tobacco smoking (also passive smoking). In addition, exposure to asbestos, radon, polycyclic aromatic hydrocarbons and crystalline silica contribute to lung cancer incidences. In the discussion about the threat of lung cancer, air pollution is rarely mentioned as an important factor for carcinogenesis. Numerous of studies conducted since 1828 have confirmed that chronic inflammation could lead to carcinogenesis [10] . Current studies on mice [11] , rats [12] and in vivo on lung cells [13] , confirm that PM2.5, PM10, and combustion gases, including NO2, can lead to inflammation and irreversible mutations resulting in the formation of cancer [14, 15, 16, 17, 18] . PMs and NO2 [19] , as well as other air pollutants, are important, especially when bearing in mind that 10-25% of all lung cancers occur in people who have never smoked cigarettes [20] . Recently, there have been many reports which have closely linked air pollution with lung cancer. Even special applications and computer programmes have been created, converting the level of pollution into the number of cigarettes smoked, which facilitates the analysis of morbidity and mortality connected with lung cancer.
The presented study shows the air quality in Poland in the relation with the increasing incidence of lung cancer. This is an important topic, not only because of the increasing incidence of lung cancer, but also the condition of air in Poland which annually exceeds the standards proposed by the WHO.
There have been many studies showing the state of air quality in Poland, and mMost of them have compared the degree of the air pollution, and incidences of different neoplasms. The method of transcription the air pollution to the amount of passively smoked cigarettes presented in the current study, was elaborated in 2016 by Saskia C. Vander Zee, Paul H. Fischer and Gerard Hoek. This new tool seems to be highly efficient and enables much quicker analysis, not only for clinicians but also for society and the authorities responsible for health and environmental policy.
MATERIALS AND METHOD
Research for this study began with a review of literature about air pollution and its influence on carcinogenesis, particularly on lung cancer. Subsequently, a review was conducted of the WHO Air Quality Guidelines 2005, and comparing them with the UE Air Quality Standards, Environmental Protection Act of 27 April 2001, and Ordinance of the Minister of the Environment of 24 August 2012 on the levels of certain substances in the air. The levels of air pollutants (PM 2.5, PM 10, NO2) for Poland in 2009-2017, were obtained from the database of the Chief Inspectorate of Environmental Protection. Values for PM2.5, PM 10 and NO2 are average annual figures calculated on the basis of measurements taken every hour from all measuring points in Poland, ac well as the number of exceeded standards for PM 10: average number of exceeded standards -over 50ug / m3 every 24h for all measuring stations.
The standard incidence and cumulative risk of morbidity for lung cancer (ICD10 -C34) -were obtained from the National Cancer Registry (2009-2016). The number of recorded cases of lung cancer were also compared with predictions made by the Ministry of Health in the prepared Health Maps of needs for oncology in 2029 (ICD10 -C33 + C34). Based on the available data and using the method prepared by Saskia C. Vander Zee, Paul H. Fischer, Gerard Hoek, Air pollution in perspective: Health risks of air pollution expressed in equivalent numbers of passively smoked cigarettes [21] , how many cigarettes each Polish resident passively smokes in a year were calculated.
RESULTS
Numerous studies indicate a plurality of factors which increase the risk of lung cancer -many of which we breathe in every day. As a result, the WHO has published guidelines for individual substances in the air, including: PM 2.5, PM 10 and NO2. [22] Similar guidelines, however more liberal, were published by the European Commission [23] , which are the same as the norm in Poland -the Environmental Protection Act 2001 [24]. A slight downward trend has been observed of PM2.5 concentration in Poland, but the results still exceed the recommended values by almost 2.5-3 times. It is worth noting that the existing standards are not only recommended by the WHO, but also by Polish and European legislation, which are far more liberal. As can be seen, the PM10 concentration has a slight increasing tendency in Poland. As in the case of PM2.5, there is a divergence of guidelines between the WHO and EU / Polish legislation. The first are not respected while the EU and National norms are; in the cirrent study -the average values were analyzed. The excesses permitted in national law are not respected, and it is worth noting that the WHO does not allow any excess beyond the stipulated standards. WHO, EU and Polish guidelines for NO2 concentration are the same. Measurements in recent years have a similar level and meet the recommendations.
The incidence of lung cancer in Poland is steadily increasing. According to the Health Maps of needs for oncology, prepared by the Polish Ministry of Health, this tendency will continue. In the available literature, there can also be found other data on the predicted incidence of lung cancer in Poland, Predictions of cancer mortality in Poland in 2020 and Determinants of Propensity for Cigarette Smoking. [26, 27] . However, due to the fact that the Ministry of Health is the decisionmaker in shaping health policy, in the current study the data presented in the Maps of Health Needs. Based on the National Cancer Registry, was taken into consideration. It was noticed that the Standardized morbidity ratio and the cumulative incidence increased for women, but for men it is decreasing. However, the risk of lung cancer is still about 3 times higher in men than in women. In the calculations for the current study, the average concentrations of PM2.5 and NO2 across Poland were used. Figure 6 . Quantity of cases C33+C34 [7, 26] Unfortunately, the Chief Inspectorate for Environmental Protection does not carry out Black Carbon measurements. But based on the presented method, it was noted that the amount of passively smoked cigarettes has slightly reduced, although at present it is about half a pack a day. The current study on passive smoking discusses the level of pollution which corresponds to environmental tobacco smoke.
Results of Structural Equation Modelling
The method used for the calculations in the current was based on the relative risk describing the relationship between tobacco smoke exposure, and three key air pollutants: particles with an aerodynamic diameter smaller than 2.5 mm (PM2.5), nitrogen dioxide (NO2) and black carbon (BC), and four health factors (low birth weight, decreased lung function in children, cardiovascular mortality and lung malignant neoplasms) [22] . Due to the very extensive calculation formula proposed by Zee, Fischer ans Hok to calculate the amount of passively smoked cigarettes, it is not possible to fully include them in the presented study. The exact formula in the form of a spreadsheet is available as an attachment to the publication, Air pollution in perspective: Health risks of air pollution expressed in equivalent numbers of passively smoked cigarettes [22] .
The limitation of the above study is a large number of factors affecting the incidence of lung cancer. Based on the above data, it is not possible to indicate exactly the extent of the increase in the incidence of lung cancer was caused by air pollution. In the current study this is represented by the amount of passively smoked cigarettes, among other factors.
One of the difficulties in presenting this material was the delay in publication of statistical data by the National Cancer Registry, which took almost three years. In addition, in the case of a formula to calculate the amount of passively smoked cigarettes proposed by Saskia C. van der Zee, Paul H. Fischer, Gerard Hoek, also included the concentration of Black Carbon, a measurement not carried out by the Main Inspectorate of Environmental Protection in Poland. Instead, Elemental Carbon is measured in five survey stations throughout the country; therefore, it was not is not included as a part of original formula. The effect of this may be the underestimation of the amount of passively smoked cigarettes. However, despite the absence of this one component, authors of the formula have permitted its use for estimated calculations.
DISCUSSION
In recent years, air pollution has slightly decreased or has remained at a similar level. For the purposes of the current study, the results have been averaged, which allows the drawing of conclusions about the national area. Unfortunately, it makes impossible any noting of particular differences between individual parts of the country. This requires a broader analysis as the administrative countrywide units are more or less agricultural or industrial. Moreover, the direction of moving air masses could also have an affect on the concentration of air pollutants in particular parts of the country.
The obtained results were compared with air quality standards published by the WHO, EU and Poland. As the standards proposed by the EU and Poland are more liberal, it could be supposed that this is dictated by economic objectives. Moreover, it is allowed to exceed the standards of NO2 concentration 35 days per year. WHO standards are more stringent, focusing on the impact of air pollution on health. Furthermore, stating that any overrun has a negative impact on health in general and, on the risk lung cancer in particular. The average measurements of NO2 concentration remained within the standard range in relation to all guidelines. In the case of PM10, the WHO norm was overrun, but in the EU and in Poland they were not; however, in the case of PM2.5, all standards were exceeded. WHO guidelines were exceeded by almost three times.
Despite a similar level of air quality (based on PM2.5, PM10 and NO2 concentration), or even a minor improvement, it can be seen that simultaneously there was a systematic increase in the incidence lung cancer. Several explanations may be assumed for this situation. First, that the contributing factor was the constant exceeding of standards in Poland, causing chronic inflammation [10] . Second, may be the intensive migration which may influences the quality of breathing air. Another explanation could be differences in air pollutants [29] . It can be supposed that the amount of air pollutants in Poland could result from the production of electricity generated mainly by coal-fired power stations. Many households obtain their energy from coal, and could be one of the reasons for the high concentration of PM2.5 [35] . However, according to the presented study, the concentration of pollutants is the most important, rather than their origin [36] .
Every year, the problem of air pollution in Poland is reflected in media reports in the winter, when residents are beginning to notice deterioration in air purity. The appearance of an unpleasant odour, a stifling cough, especially in areas where there is no municipal heating system. Both awareness about the threat posed by poor air quality and the general environment begins to increase.
Based on the calculations [21] , if it is assumed that the same quality of air is maintained throughout life, at the age of 60 (95% of lung cancer incidences in Poland occurred in older peopled [7] ), every inhabitant has 30 pack-years of smoking, which significantly increases the risk of cancer [30, 31] .
According to the Health Maps of Needs for Oncology, a further increase in the incidence of lung cancer is expected. Unfortunately, this does not mean that health programmes have been designed to improve the situation. So far, only pilot studies on early detection of lung cancer have been conducted. Due to the growing problem of lung cancer, this year it was decided to launch a nationwide programme f the early detection of lung cancer which, hopefully will reduce the mortality rate of lung cancer.
The current study has discussed one of the aspects that may affect lung cancer -air pollution (PM2.5, PM10 and NO2). However, it should not be forgotten that diseases, especially cancer, are caused not only by a single factor, but that etiology is multifactorial. It is worth paying attention to the number of global changes that have occurred and which impacted on non-communicable diseases: climate changes, urbanization, food, nutrition, and agriculture, persistent chemicals in the environment, and biodiversity loss. The impact of such a number of factors requires further comprehensive analysis [37, 38] .
Observance of air quality standards in Western Europe has definitely improved. In Poland in 2016, as much as 58.7% of the urban population were exposed to concentrations of PM10 above EU standards; for PM2.5 it was.5%, compared to France, PM10 -0.2%; and Germany, PM2,5 -0%, and in the country nearest to us -0.1% and 0% [39] . This may suggest that the authorities responsible for health and environmental care in Western countries appreciate the importance of the problem, and care more for the health of their citizens.
Due to numerous factors, in future studies will be worthwhile expanding the analysis by comparing them between countries in the context of the increasing incidence of lung cancer.
CONCLUSIONS
• Based on the above calculations, it can be assume that every inhabitant of Poland passively smokes almost half a pack of cigarettes per year/lifetime. • After 60 years of age, every inhabitant of Poland has 30 package-years of smoking, which is the borderline in the discussion on increased risk of lung cancer • PM2.5 and PM10 concentration standards are exceeded, not only according to the guidelines of the WHO, but also according to Polish law
